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ABSTRACT
Effect of Spring Grazing by Cattle on Growth and
Survival of Shrub Seedlings Interplanted in Crested Wbeatgrass
by
Lynn McConville, Master of Science

Utah State University, 1986
Major Professor: Dr. Frederick D. Provenza
Department: Range Science
A short duration-high intensity grazing trial was conducted in
spring of 1985 to determine whether shrub establishment in crested
wheatgrass pastures could be enhanced through spring grazing by cattle,
or by fertilization of shrub seedlings. Data was collected on diet
selection by cattle during spring grazing, and on

subsequent shrub

growth and survival. Shrubs studied were transplants of sagebrush,
Artemisia tridentata, fourwing saltbush, !triplex canescens,
bi tterbrush,

I

Purshia tridentata,

and one year old bi tterbrush

seedlings.
Cattle did not browse sagebrush or fourwing saltbush transplants,
but utilization of bitterbrush transplants and seedlings averaged 15
and 42 percent, respectively.

Shrub selection by cattle was unaffected

by grazing pressure or fertilization.
Fertilization increased growth of sagebrush transplants but had no
effect on survival.

Trampling of shrubs was greater than anticipated.

Trampling reduced growth in sagebrush, and reduced survival of both

ix

bitterbrush and sagebrush transplants.

Browsing reduced growth of

bitterbrush seedlings, but increased growth and survival of bitterbrush
transplants.

Despite adverse effects from trampling and browsing on

some shrubs, the overall effect of spring grazing of crested wheatgrass
by cattle was to enhance establishment of fourwing saltbush and
bitterbrush transplants.

Spring grazing had no measurable effect on

establishment of sagebrush transplants or on survival of one year old
bitterbrush seedlings.
( 79 pages )
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INTRODUCTION
A major problem facing ranchers in Utah and much or the
Intermountain West is the rapidly rising costs of ranch operation.
costs that are not offset by market prices.

With no large increase in

prices likely, cutting operating costs is critical. Simonds (1980)
found 60 to 75 percent of the costs in producing a pound of beef were
directly related to crop production for winter reed.

As energy prices

increase, these costs will become proportionally greater.

Because of

this, attention has focused on greater utilization of winter grazing as
/

a way to reduce costs (Young and Evans 1984).

However, the amount or

winter range available to ranchers is limited and is often located too
far from the ranch to be used economically.

Gade and Provenza (1986)

suggest that interseeding crested wheatgrass pastures with palatable
shrubs could make new winter ranges available throughout much of the
Intermountain West.
Large areas of foothill ranges have been seeded to crested
wheatgrass.

These make excellent spring and early summer ranges, but

are less desirable for livestock during winter because mature crested
wheatgrase is low in crude protein, minerals, and vitamins (Wallace et
al. 1963, Cook and Harris 1968, Otsyina et al. 1983).

In

addition.

grass is often buried during periods of snow,rendering it unavailable
to grazing animals.

Shrubs could enhance the value of these ranges for

winter grazing because they maintain higher levels of crude protein,
minerals, and vitamins (Dietz 1972, Otsyina et al. 1983), and their
upright growth makes them available to livestock during periods of

2

snow.

Gade

and

Provenza

{1986)

found

that

sheep

on

crested wheatgrass-shrub pastures maintained higher levels of intake
and dietary crude protein than sheep on crested wheatgrass pastures
during winter.
Interseeding often fails because existing grasses inhibit
establishment of shrub seedlings.

Growth rates of seedlings in

competition with grasses are greatly reduced, as is .survival {Blaisdell
1949, Holmgren 1956, Geist and Edgerton 1983).

However, clipping

established grasses temporarily reduces root growth {Caldwell et al.
1981), competition for limited resources {Schultz et al. 1955), and
increases shrub growth and survival (Pendery and Provenza 1986). Spring
grazing of crested wheatgrass by cattle could enhance shrub
establishment because cattle would conceivably consume crested wheatgrass rather than shrubs (Cook and Barris 1968, Smith and Doell, 1968).
Fertilization increases shrub growth, and can enhance seedling
establishment (Clary and Tiedemann 1983, Doerr et al. 1983).

However,

fertilization can also increase palatability and hence browsing damage
(Gibbens and Pieper 1961, Bayoumi and Smith 1976).
Range managers typically recommend that interseeded pastures not
be grazed

during the initial years of shrub establishment (Plummer et

al. 1968, Monsen and Shaw 1983).

However, not grazing interseeded

pastures may increase grass vigor, resulting in a less favorable
environment for shrub establishment.

Spring grazing of interseeded

pastures could enhance shrub establishment by reducing the competitive
effectiveness of crested wheatgrass, and could also alleviate some of
the economic and managerial problems associated with interseeding.

3

OBJECTIVES
My study was designed to determine diet selection by cattle in
early spring on crested wheatgrass pastures interseeded with shrubs,
and to determine the effect of cattle grazing on the establishment of
shrub seedlings.

I hypothesized that cattle would selectively graze

crested wheatgrass, thereby enhancing shrub establishment.

To quantify

the effects of grazing on shrub establishment, growth, and survival,
my study bad five objectives.

Objective 1. To determine whether or not cattle browse shrub
seedlings during early spring.
Objective 2.

To determine whether or not browsing increases as
availability of crested wheatgrass decreases.

Objective 3.

To determine whether or not fertilization affects
utilization of shrub seedlings.

Objective 4. To determine whether or not fertilization affects
growth or survival of shrub seedlings.
Objective 5.

To determine whether or not grazing crested
wbeatgrass pastures increases growth or survival
of shrub seedlings.

I
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LITERATURE REVIEW
Shrub Establishment
Perennial grasses can prevent establishment of shrub seedlings by
the preemption of space and 1 imi ted resources.
prevent sagebrush seedlings from establishing

Established grasses
(Blaisdell 1949), and

recruitment of shrubs on burned sites is inversely related to the
percent of perennial grasses surviving the fire (Clary and Tiedemann

1983).

Competition from annual grasses and weeds can prevent

establishment of bitterbrush seedlings (Holmgren 1956, Hubbard 1957),
and herbaceous annuals reduce survival of fourwing saltbush seedlings
by over 50 percent (Geist and Edgerton 1983, Van Epps and McKell 1983).
While competition among plants is a main determinant in plant
populations, competitive interactions can be modified by herbivory.
Laycock (1967) found that sheep utilized grasses more than shrubs
during spring and as a result grass production declined while sagebrush
production increased 78 percent.

I

Under fall grazing,

however,

sagebrush utilization was high while grass utilization was relatively
low, causing grass production to increase and sagebrush production to
decrease.

Similarly, Jones (1933, in Crawley 1983) found pastures sown

with identical seed mixtures could be changed into different plant
communities by manipulating the time of sheep grazing.

Sheep prefer to

graze rapidly growing ryegrass in early spring and do not damage
interseeded clover, which quickly dominates the stand.

By grazing

later in the season, after ryegrass has established vigorous root and
shoot systems,

less stress is placed on the grass and it

5

quickly dominates the stand.
In arid areas, establishment of seedlings is critically dependant
upon water availability. Rapid depletion of soil moisture in the upper
30 em of soil results in high mortality of bitterbrush interseeded in
crested wheatgrass (Hubbard 1957).

Schultz et al. ( 1955) found soil

moisture levels in the top 30 em of grass pastures dropped below
wilting point (1.5 mPa) before root systems of shrub seedlings had
penetrated further than 20 em.
dessication. When Schultz removed

As a result, seedlings died of
the grass, soil moisture levels

remained above wilting point for over a month.

This allowed shrub

seedlings to establish extensive root systems, significantly reducing
mortality. Clipping the grasses also slowed soil moisture depletion in

I

the top 30 em.

After clipping, soil moisture levels remained high

during the early season, increasing survival and growth of shrub
seedlings.
In a similar fashion fertilization might enhance seedling survival
by increasing growth rates, allowing a seedling to preempt space and
resources before they are utilized by neighboring grasses (Gartner et
al. 1957).

As Crawley ( 1983: 43) points out:

It is the interaction of the two factors (herb! vory and
plant competition) that creates an important impact on plant
death rate. Thus the effect of defoliation on mortality rate
is critically dependent on the size and vigor of neighboring
plants.
Reducing vigor of crested wheatgrass by grazing, while increasing shrub
vigor by fertilization, might enable shrubs to capitalize on this
interaction.

Clary and Tiedemann (1983) found fertilization increases

sagebrush recruitment when grass competition is reduced, but that

I
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undisturbed grasses will reduce establishment despite shrub
fertilization.

Doerr et al. (1983) found fertilization increases shrub

establishment and production on non-irrigated plots,

but under

irrigation the effects of grass competition override those of
fertilization.

I

Animal Impacts
Cattle can adversely impact seedlings by browsing, because
browsing removes photosynthetic material and associated nutrients.

I

Clipping shrubs in spring may reduce growth rates, increase dead
material in the crown, or delay reproduction (Debano 1957).

When

shrubs are browsed during rapid growth, vigor is reduced and recovery
may take several years (Fears 1966).
Trampling also stresses shrubs by removing twigs and opening the
plant to disease.

Ei ssenstat et al. (1982) noted that even under

moderate grazing in Douglas-fir (Pseudotsuga menziesii) plantations, 20
percent of the seedlings are trampled and that they are more likely to
die. Most studies indicate that little damage occurs to tree seedlings
when cattle numbers and time of grazing are controlled, but overgrazing
of herbaceous vegetation can result in extensive damage to seedlings
(Pearson et al. 1971, McLean and Clark 1980). These studies indicate
that controlling time and duration of grazing relative to grass
utilization should minimize cattle damage to woody species.

I

Other

authors, however, warn that even moderate grazing during shrub
establishment can reduce growth and increase mortality of seedlings
(Plummer at al. 1968, Monsen and Shaw 1983).
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Diet Selection
Cattle are typically considered grazers rather than browsers.
Grass and forbs make up 70 to 90 percent of their diet during spring
and summer while shrubs supply 10 to 30 percent (Van Dyne and Heady
1965, Cook and Harris 1968).

Diet selection, however, varies depending

on availability of different plant species, time of grazing, and
palatability of forage.
To minimize browse utilization by cattle on big game ranges, Smith
and Doell (1968) recommend spring grazing.

They found cattle select

herbaceous species during spring, and utilization of bitterbrush ranges
from 1 to 13 percent.

Holechek et al. (1982) found cattle to be

opportunistic feeders, and that browse composes 10 percent of their
diet in spring when green grass and forbs are available, and 47 percent
later in the season when herbaceous vegetation is senescent.
Fertilization of forage can affect diet selection.

Fertilization

of herbaceous vegetation with nitrogen increases utilization by cattle
and deer, and can ohange distribution patterns (Brown and Mandery 1962,
Holt and Wilson 1961).

I could find no studies that examined the

response of cattle to fertilization of browse,

but fertilizing

sagebrush at 30 to 120 kg nitrogen·ha-1 results in increased
utilization by deer (BayoWIIi and Smith 1976, Gibbens and Pieper 1961).
Theories on why nitrogen fertilization increases palatability vary, but
enhanced nitrogen nutrition in plants may reduce concentrations of socalled secondary plant compounds that reduce palatability and in a sense
defend plants against herbivores (Freeland and Janzen 1974,

I

Bryant et al.

1985,

Coley et al.

1985).

In nitrogen limiting

8

environments, carbon-based compounds such as tannins and terpenes often
reduce plant palatability.

As nitrogen availability inoreases, plants

reduce allocation or carbon to secondary and increase growth (Bryant et
al. 1985, Coley et al. 1985).
Manipulating availability of forage through high intensity
stocking may also change diet selection.

Relative preference for a

food item is the proportion of an item selected in the diet relative to
its proportion in the forage biomass (Krueger 1972). For a preferred
item, relative preference decreases as availability decreases. For
items of lower preference, utilization will increase as their relative
abundance and availability increases.

This results in a more uniform

pasture utilization (Allison 1985) and shrub utilization should
increase as relative availability of shrubs increases (Senft 1984).
Since palatabilities or shrub species vary, preferences for shrubs will
vary relative to crested wheatgrass, resulting in differential
selection and utilization among shrub species as grazing pressure
increases.

9

STUDY AREA
Range Site
The study was conducted from May through September of 1985 at the
Tintic Range Research Area, located south of Eureka, Utah at 39.9°
north latitude and 112.2° west longitude.

I

Elevation is about 1700 m.

This west central region of Utah is part of the oold-desert ecosystem,
considered the Great Basin-Colorado Plateau sagebrush semi-desert (West
1983).

Average annual precipitation from 1975 to 1985 is about 360 mm.

Precipitation occurs throughout the year with no seasonal peak, though
stored winter precipitation creates high soil moisture levels in early
spring that are necessary for seed germination and growth.
Precipitation for September 1985 through September 1986 was 386 mm,
with 200 mm recorded from March through September 1985 (Appendix C).
Soils at the

site are a patchwork of the Juab coarse-loamy

variant and KI gravelly-sandy loam (Jensen 1985).

These soils have

moderate infiltration rates and low moisture holding capacities.

Range

site can be classified as an Upland Loam or a Semi-Desert Gravelly
Loam, depending on the soil type. Characteristic native vegetation for
these sites is about 40 percent

bluebunch wheatgrass (Agropyron

spicatum), 10 percent indian ricegrass (Oryzopsis bymenoides) and 5
percent western wheatgrass (Agropyron smithii).
include 10 percent

I

Characteristic shrubs

basin big sagebrush (Artemisia tridentata ssp.

tridentata), 4 percent antelope bitterbrush (Purshia tridentata), and 4
percent rubber rabbitbrush (Chrysothamnus nauseosus) (SCS et al. 1975).
In 1962 this site was plowed and drill seeded to a mixture of

10

crested wheatgrass (A&ropyron deaertorum), intermediate wheatgrass
intermedium), and tall wheatgrass (A. elopgatum).

(~

By 1985 the site was

dominated by created wheatgrasa (80 percent) and western wheatgrass (10
percent).

Increasing amounts or wild lettuce (Lactuca app.), sagebrush

and rabbitbrush were also establishing.
Plant Species
Created wheatgraaa, an introduced bunchgrass native to Eurasia,
baa been seeded through much of the Intermountain West due to its'
productivity, ease or establishment and grazing tolerance.
defoliated,

When

created wheatgraas reduces root growth and rapidly

reestablishes photosynthetic material, allowing rapid recovery from
herbivory (Caldwell et al. 1981, Richards 1984).

Stands have

remained product! ve after forty years of grazing ( Vallentine 1980).
Green tillers are highly digestible (57 to 77 percent digestability)
and has high levels or crude protein (Rauzi 1975, Hart et al. 1983,
Urness et al. 1983).

Cured forage contains only 2 to 4 percent

digestable protein (Wallace et al. 1963, Otsyina et al. 1983), but
remains relatively high in metabolizable energy (Cook and Harris 1968).
·'

Three shrub species were selected for study based on site
suitability and potential as winter forage.

Fourwing sal tbusb

(!triplex caneacena [Pursh] Nutt.), a autfructesoent species commonly
found in calcareous or saline tlats and washes below 2,100 m is a good
forage tor sheep and fair tor cattle (Sampson and Jesperson 1963).
Stands persist with proper grazing, but are susceptible to damage from
overgrazing (Pieper and Donart 1978).

Nutritional value or winter

browse varies according to the individual plant's retention of leaves,

11
but averages 8.2 percent

digestable protein with phosphorus and

calcium levels of 0.15 and 1.19 percent, respectively (Welch 1983).
Antelope bitterbrush {Purshia tridentata [Pursh] DC), a semideciduous species typically found on open well-drained slopes or flats
of gravelly soils, is highly palatable to livestock and wildlife.
Excessive browsing limits natural stand regreneration even though
established plants are remarkably tolerant of heavy use { Holmgren
1956, Fergusen and Basile 1966, Urness et al 1983). Due to its semideciduous nature, digestible protein levels in winter average 3.3
percent with adequate levels of phosphorus, carotene, and calcium
{Welch 1983).
Big sagebrush {Artemisia tridentata ) is an evergreen species that
often dominates vegetation in the Great Basin region.

Habitats incl ude

a variety of soil types on high plains and mountain slopes below 2,400
m.

Common subspecies include basin big sagebrush {A.t. spp.

tridentata), mountain big sagebrush {A. t. ssp. vaseyana), and Wyoming
big sagebrush {A. t, ssp. wyominsensis) .
considered

Big sagebrush is generally

fair or poor forage tor livestock due to low palatability,

but it can provide nutritious teed on winter ranges {Cox 1952, Cook
1972, Gade and Provenza 1986).

Average digestible protein in winter

is 6 percent {Cook 1972, Dietz 1972). Crude protein, digestabili ty,
and palatability of subspecies and accessions
greatly {Weloh 1983).

within subspecies vary

Bobble creek sagebrush, an accession of A.t.

ssp. vaseyana, is highly palatable to both deer {Welch 1983) and sheep
{Welch, OSDA-FS Shrub Lab, Provo, UT, personal communication).

12
Physical Design
The physical design or this experiment consisted of four
replications or two grazing treatments, cattle grazing versus no
grazing (Figure

1 ).

Four 0.6

ha pastures were

randomly

selected to be grazed by cattle and four were selected as ungrazed
controls.

Water and salt were provided in each pasture.

The grazed

pastures were stocked with 8 Angus heifers, resulting in a stocking
rate of 0.9 AUM/ha by the end or the three days of grazing, five times
the normal stocking rate or 0.18 AUM/ha (Appendix B).

Cattle were

placed on test pastures early May 15th and removed early May 18th.
Removal of meristematic tissue has a more adverse effect on plant
growth than removal of vegetative tissue. Therefore, pastures were
grazed while crested wheatgrass was elevating apical meristems to
intensify herbivore damage and reduce grass oompetativeness to the
greatest extent possible (Caldwell et al. 1981 ).

I

Pastures 1CR, 2CR,

3CR and 4CR were grazed by cattle while pastures 1NR, 2NR, 3NR, and 4NR
were used as controls.
In 1983, rows 1 m wide running in an east-west direction were
scalped 10 to 20 em deep into grazed and control pastures to allow the
interseeding of shrubs and torbs.
scalped in each pasture.
rows.

Seven rows, spaced 12 m apart, were

All shrub tublings were planted within these

Four neutron probe access tubes were placed in each pasture to

monitor soil water oontents through the summer.

Two tubes were placed

within a scalped row and two outside the row. Tubes were placed in both
soil types.

13.
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Figure 1.

4SV

4CV

Q2j

KI Gravelly-sandy loams

c==J

Juab Coarse-loamy variant

*

Neutron probe access tubes

Study site. Pastures 1CR, 2CR, 3CR, and 4CR were grazed,
pastures 1NR, 2NR, 3NR, and 4NR were controls.
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METHODS
Establishment
Shrub tublings were grown in standard 3 x 3 x 16 om tubepacks and
later transplanted into larger 5 x 5 x 24 em tarpaper containers with a
30:30:40 mix of soil obtained from the site, peatmoss, and perlite,
respectively, to approximate fertility levels at the study site •
•I

Shrubs were kept in a greenhouse until late February, ooldbardened,
and planted in late March and early April.

Before planting, half of

the shrubs were selected at random and fertilized with 0.04 g ammonium
nitrate per pot (33.5 percent elemental N), a rate roughly equivalent
to 100 kg elemental nitrogen per hectare. Seedlings

were tagged with

colored wire to distinguish fertilized from non-fertilized plants.
Shrub tublinga were planted at 1.5 m intervals within previously
scalped rows. During planting 0.3 m square patches were weeded around
the tublings since wild lettuce (Laotuca asp.) had established in the
scalped rows and was dense in some areas.

Bitterbrush seedlings that

.!erminated in 1984 and bad survived were also tagged and measured to
allow a comparison between year old bitterbush seedlings and first year
tublings.

Due to time constraints seedlings were not fertilized.

The total number ot shrubs planted varied by species: for
sagebrush n: 1119, fourwing saltbush n= 117, bit terbrush tub 1 ings n= 172,
and bitterbrush seedlings n=103.

An average ot 9 fertilized and 9

unfertilized sagebrush tublings survived transplanting in each of the
eight study pastures.

Average tubling size was 12 em.

For tourwing

saltbush, an average of 7 fertilized and 7 unfertilized tublings were
present in each pasture.

Average tourwing sal tbusb size was 34 em.

15
For bitterbrush tublings,

an average of 10 fertilized and 10

unfertilized tublings were present in each pasture.
bi tterbrush tub ling size was 30 em.

Numbers or previous year

bitterbrush seedlings varied by pasture.

Pasture 1NR contained 33

seedlings, pastures 1CR, 2CR, and 4NR averaged
Pastures 2CR and 2NR contained only

Average

17 seedlings each.

6 and 4 seedlings, while no

seedlings were round in pasture 3NR. Bitterbrush seedlings in pastures
that were grazed in 1984 were smaller than seedlings in oontrol

I

pastures.

Bitterbrush tublings and seedlings were located in the same

row.
Animal Impact
Grass Utilization
To sample grass utilization non-destructively on a daily basis,
five stakes were placed at randomly selected coordinates in each
pasture, and four 0.5 m rectangular plots were established at 10 paces
north, east, south and west or each stakes.

These plots were not

staked to prevent them from changing cattle distribution or grazing
behavior.
Buncbgrasses within each plot were mapped and measurements taken
on their approximate width, length, and height.

This volume provided

the baseline tor estimating grass forage biomass.

During the grazing

trial, grass plots were checked daily. The percent area of the grass
that had been grazed and the height of stubble remaining were recorded.
Utilization of grass was calculated as:

16

Utilization =

B - [ A•(C+D) ] x 100J
B

Where A= Original Area
B= Original Area • Original Height
C= Proportion of Area Grazed • Stubble Height
D= Proportion of Area Ungrazed • Original Height
A regression equation was developed to validate whether volume
measurements provided a good estimation or plant biomass removed, and
to allow utilization to be presented on a volume or biomass basis (see
Appendix B).

Before the grazing trial, 80 bunohgraases were randomly

selected, measured and clipped.

Grasses were oven dryed for 24 hrs at

100 C, clipped in 1 em segments and weighed to the nearest 0.01 g.

In

converting grass volume to biomass I assumed biomass = b+ (slope•grass
volume), (P. Johnson, Range Dept., Utah State Univ, Logan, UT, personal
communication).
Shrub Utilization
Percent utilization was determined by changes occurring in height
or stem length during and immediately after the grazing trial.
measurements were taken the day before grazing began.

Initial

Hobble Creek

sagebrush grew with a single stem in an upright position, so height
measurements were taken from the identification wire at the base to the

I

top or the main stem. Because bitterbrush and fourwing saltbush
exhibited a branching growth habit, the main stem and all lateral
branches were measured.

This provided the length or original standing
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crop per plant.
Shrubs were checked daily during the grazing trial for trampling
(yes or no), browsing (yes or no), and change of stem height (length in
em). Normally, browsing was easily distinguished from trampling damage;
browsed stems exhibited a clean out while trampled stems showed jagged
and torn breaks, often with leaf material scattered around the plant.
Shrub seedlings were recorded as being trampled . if they exhibited
ei tber broken stems or if they bad been completely smashed into the
mud.

For browsed plants percent utilization was calculated by the

equation:
Utilization =

Where

1- [

p p

A

]

X

100

P= standing crop prior to browsing
A= standing crop after browsing

After grazing, stem length of each plant was recorded.

This

provided a base from which to measure subsequent plant response to
grazing, fertilization, browsing, and trampling.
Shrub

Response
Shrubs were measured at monthly intervals during the summer to

record survival (alive or dead), and growth (change in height or stem
length).

Any evidence of browsing, insect damage, or trampling after

cattle grazing was recorded.

Plants that were browsed by wildlife

later in the season were excluded from the final analysis to prevent
these events from confounding interpretation or obscuring results of
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cattle grazing on plant growth or survival. This resulted in a small
sample size for bitterbrush plants by the end of season.

Initial

measurements were taken June 12 and final measurements were taken

on

September 18.
Soil Moisture
Soil moisture data were collected to aid interpretation of plant
response.

Data were collected every two weeks from July through mid-

August with a neutron soil moisture probe.
30, 45, and 60 em

dept~

Readings were taken at 15,

Calibration curves for the neutron probe were

developed by taking readings of dry and saturated soils, excising soil
samples, and testing gravimetrically for water content.
Analyses
Analysis of variance was planned, but

s~b

utilization data were

not normally distributed, therefore shrub utilization was evaluated
using two sample t-tests at alpha=0.025.
for interactions.

It was not possible to test

Chi-square tests of independence were used to

evaluate end-of-season survival, because these data were not normally
distributed.

Chi-square allowed an accurate determination of how

grazing, fertilization, trampling, or browsing influenced survival, but
did not allow an evaluation of interactions.
Growth data were both unbalanced and not normally distributed.
Since an evaluation of interactions and their

effect on the magnitude

of growth was desired, growth data were analysed three different ways
and results compared to determine overall effects.

Growth of tublings

and seedlings was first examained by a chi-square test of independence

I
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to see if the number ot plants growing within the population had been
affected by grazing, fertilization, trampling, or browsing.
After the number of plants growing was determined to be dependent
or independent of a treatment effect, differences in growth rate were
determined by analysis of variance using regression techniques.
this analysis,

In

all data points where growth equaled zero were

eliminated to obtain a normally distributed data set. The elimination

ot data points resulted in missing cells within the analysis of
variance for a 11 shrub tub lings and bit terbush seed lings.
Interpretation based upon missing cells is difficult and can be
misleading (Bryce 1980). Therefore, effects of treatments on growth
rates should be interpreted cautiously.
In the third method or analysis, end-of-season standing crop for
sagebrush, fourwing saltbush , and bitterbrush tublings was analysed as
a factorial with four replication8 and two main etfect8 (grazing and
fertilization).

Trampling and browsing were included a8 covariates.

End or season 8tanding crop tor bitterbrush seedlings wa8 analysed as a
factorial with tour replications or one treatment (grazing).
Summary table8 tor the analy8e8 are in Appendix A.
probability levels

~ 0.100 significant.

probabilities to three decimal place8.

I consider

In the text I pre8ent exact
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RESULTS
Utilization
Grasses
Crested vheatgrass utilization was 24 percent by volume after the
first day or grazing with no differences between pastures.

Utilization

was 41 percent by the second day, but heavier utilization (P::0.005)
occured in pastures 1CV and 4CV than in 2CV and 3CV.

By the end or the

grazing trial, 98 percent or all surveyed plants had been grazed.
Utilization averaged 52

percent with a high or 56 percent tor pasture

1CV and a low or 47 percent for

pasture 3CV.

Utilization or western

wheatgrass was not significantly less than crested wheatgrass
{P::0.368), due primarily to small sample size {n::11), but average
values were lover all three days (15, 35, and 46 percent utilization,
respectively).
Grass utilization within pastures also varied.

Cattle preferred

grazing crested vheatgrass bunches that grew along scalped rows
(P:0.001; Figure 2).

Crested vheatgrass bunches along the rows were

taller, had more tillers per unit area, and exhibited a darker green
color than bunches in interspaces between rows.

Grasses along the rows

averaged 2,662 oo•plant-1 while grasses in the interspaces averaged
1 ,047 cc•plant -1 (Pa0.060). Phenologically, bunches along the rows
were more advanced and had elevated apical meristems by the time
grasses in the interspaces had just begun elevating apical meristems.
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Figure 2 .

Utilization of crested wheatgrass by heifers grazing in
interseeded pastures . Different letters indicate
significantly dif fe rent means (LSD 0.10).
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Shrubs
Utilization varied greatly among shrub species.
sagebrush was not browsed.
was browsed.
seedlings.

Hobble Creek

Only one of 117 fourwing saltbush plants

However, browsing did occur on bitterbrush tublings and
Twenty-eight percent or the tublings were browsed by the

end of the trial, and an average of 61 percent of each plant was
removed; daily utilization averaged 5 percent. Bitterbrush seedlings
were utilized to a greater degree than tublings (P=0.014). Forty-one
percent of the seedlings- were browsed and 69 percent of each plant was
removed; mean daily utilization was 14 percent.
Fertilization had no effect on shrub utilization (P=0.58) . Mean
daily utilization of fertilized bitterbrush transplants was 5.6
percent, compared to

~.6

percent for non-fertilized transplants.

Patterns of utilization varied during the trial for bitterbrush
seedlings (Figure 3).

Heaviest use occured on the first and second

days, with browsing dropping sharply on the third day.

Bi tterbrush

tublings were utilized less than seedlings on all three days.
Browsing was not related to grass utilization or grazing pressure.
The correlation between shrub and grass utilization was poor for
bitterbrush tublings (r2=.12), and seedlings (r2=.55). The relationship
between shrub utilization and use or row grasses was weak for both
tublings (r2•0.16) and seedlings cr2:0.10).
Trampling
Forty-three percent of the Hobble Creek sagebrush and 42 percent
or the fourwing saltbush

plants were trampled during the trial.

In

contrast, 29 percent of transplanted and 7 percent of seeded
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Utilization of Purshia tridentata tublings and seedlings.
Different letters indicate significantly different
means (LSD 0.10) .
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bitterbrush were trampled.

Over 60 percent of the trampling occurred

during the first day.
Growth
Growth or seedlings varied by species and by time.

I present

results for each species separately; comparisons among species are
presented in the discussion section.
Hobble Creek Sagebrush
The number or plants that grew was independent of grazing, but was
influenced by trampling and fertilization (Table 1).

The number of

shrubs growing at the different sampling periods also varied (P=
0.005).

Eighty-eight percent of the seedlings were growing in June, 53

percent were growing in July, 44 percent in August, and 39 percent in
September.
Growth rates were affected by grazing (P=0.001), fertilization (P=
0.050), and time (P<0.001; Figure 4).

Growth rates in June were higher

in control pastures, but by July and August plants in grazed pastures
had higher growth rates. By September growth rates were equai for both
treatments. Fertilization increased growth rates for plants in June,
but by July and August fertilized and control seedlings were growing at
siailar rates (Figure 5).
Height measurements may be somewhat misleading in analysing
standing crop or sagebrush because many tublings developed lateral
branches and became bushier rather than taller.
differences were seen across treatments.

However, some

Standing crop for sagebrush

averaged 12.3 t 0.4 om per plant before grazing and 17.0 t 0.6 om at
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Table 1.

Effects of grazing, trampling, and fertilization
on growth of Artemisia tridentata
ssp. vaseyana.

TREATMENT

a,b

Table 2.

PERCENT OF
PLANTS GROWING

Grazed Pastures
Control Pastures

54a
55a

Trampled tublings
Untrampled tublings

43a
57b

Fertilized tublings
Unfertilized tublings

58a
51b

Means in pairs with a different letter are
significantly different (LSD 0.10).

Effects of grazing, trampling, and fertilization on
end-of-season standing crop of Artemisia
tridentata ssp. vaseyana.

TREATMENT

STANDING CROP
CM/PLANT

Grazed Pastures
Control Pastures

17.0a
17 .1a

Trampled tublings
Untrampled tublings

15 .oa
17.6a

Fertilized tublings
Unfertilized tublings

17.2a
16.9a

a,b Means in pairs with a different letter are
significantly different (LSD 0.10)
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Figure 4.

Growth rates of Artemisia tridentata ssp. vaseyana
tublings in grazed and control pastures. Different
letters indicate significantly different means (LSD 0.10).
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Figure 5.

Growth rates of fertilized and non-fertilized
Artemisia tridentata ssp. vaseyana. Different letters
indicate significantly different means (LSD 0.10).
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the end of suiUiler.

Standing crop was identical across grazing

treatment and fertilization, but was different
trampling.

(P~0.04)

aa a result of

Untrampled shrubs were larger than trampled shrubs (Table

2). Because trampling did not affect the number of plants growing or
growth rates, this difference reflects an initial loss of plant
material that was not compensated for by later growth.
Fourwing Saltbush
Growth was independent or fertilization or trampling, but was
affected by grazing (Table 3).

Growth during summer differed by date

(P= 0.05); only a rev seedlings grew in June (17 percent), more grew in
July (53 percent) and fewer grew in August (21 percent ) and September
(19 percent) .
Growth rates were not affected by grazing,
fertilization.

trampling,

or

Missing cells in the analysis led to large confidence

intervals around means, and what might be biologically important may
not be statistically significant.

Growth rates appeared higher in

control pastures in June, but dropped during the seas·on.

By August,

growth rates were higher in grazed pastures (Figure 6).
Standing crop tor fourwing saltbush averaged 33.8 t 4.0 em before
grazing.

Standing crop at the end or the season averaged 42.4 t 4.6cL

Standing crop was not affected by grazing (Pz0.400), by fertilization
(P~0.380),

or by trampling (P=0.240; Table 4). Although more plants

grew as a result or spring grazing, and rates or growth appeared
higher, final standing crop was not affected.
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Table 3. Effects or grazing, trampling, and fertilization
on growth or !triplex oanescens.

TREATMENT

PERCENT OF
PLANTS GROWING

Grazed Pastures
Control Pastures

32a
23b

Trampled tublings
Untrampled tublings

28a
28a

Fertilized tublings
Unfertilized tublings

30a
26a

a,b

Table 4.

Means in pairs with a different letter are
significantly different (LSD 0.10).

Effects of grazing, trampling, and fertilization on
end-of-season standing crop of !triplex canescens.

TREATMENT

STANDING CROP
CHI PLANT

Grazed Pastures
Control Pastures

45.7a
36.7a

Trampled tublings
Untrampled tublings

45.2a
37.2 8

Fertilized tublings
Unfertilized tublings

45.5a
35.0a

a,b Means in pairs with different letters are
significantly different (LSD 0.10)
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Figure 6.

Growth rates of Atriplex canescens tublings in
grazed and control pastures. Different letters
indicate significantly different means (LSD 0.10).
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Bitterbrush tublings
Growth was independent or fertilization or trampling but was
dependent upon browsing (P= 0.005), and grazing (P= 0.07; Table 5).
More seedlings grew (P:0.001) in June (31 percent) and July (32
in August (19 percent) and September (14 percent).

percent) than

Growth rates differed in response to trampling (Pz0.10). Growth rates
of trampled plants (9.6 em) were higher than those ot untrampled plants

(4.1 em). Browsed plants grew 6.4 em per month while unbrowsed grew 4.3
em, but due to high variance these were not significantly different

(P:0.300).

Rates or growth in grazed and control pastures were not

different (P= 0.133; Figure 7).
Standing crop averaged 30.6 t 2.8 om before grazing and 38.6 t 4.0
em by the end of the season.

End-of-season standing crop was not

affected by grazing, fertilization, trampling, or browsing (Table 6).
Browsing and grazing increased numbers of plants growing and trampling
increased growth rates, but none or these factors influenced final
standing crop.

Interestingly, cattle selected tublings that were

considerably smaller (P=0.002) than those that they rejected (19.2 em
vs. 35.3 om).

More of these amaller plants grew during the summer.

Bitterbrush seedlings
Growth was dependent on browsing (P= 0.005) but not on grazing or
trampling (Table 7).

Few plants grew in June (7 percent), most grew in

July (37 percent), and fewer grew in August (33 percent), and September

(24 percent; P•0.001 ).
Growth rates were affected by grazing (Ps0.090) and time

(P=0.001). Growth rates were equal in grazed and control pastures
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Table 5. Effects of grazing, trampling, browsing, and
fertilization on growth of Purshia tridenta ta
tublings.
TREATMENT

PERCENT OF
PLANTS GROWING

Grazed Pastures
Control Pastures
Trampled tublings
Untrampled tublings
Browsed tublings
Unbrowsed ~ublings
Fertilized tublings
Unfertilized tublings

a,b

Means in pairs with a different letter
are significantly different (LSD 0.10)

Table 6.

Effects of grazing, trampling, browsing, and
fertilization on end-of-season standing crop of
Purshia triden ta ta tublings.

TREATMENT

Grazed Pastures
Control Pastures

STANDING CROP
CM/PLANT
38. 3a

4o.r

Trampled tublings
Un trampled tublings
Browsed tublings
Unbrowsed tublings

33.2a
40.2a

Fertilized tublings
Unfertilized tublings
a,b Means in pairs with different letters are
significantly different (LSD 0.10)
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Figure 7.

Growth rates of Purshia ttidentata tublings in control
and grazed pastures . Different letters indicate
significantly different means (LSD 0.10)
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during June and July, but growth rates in grazed pastures dropped
sharply in August and September (Figure 8). A large number of seeded
bitterbrush plants were browsed during summer by deer, necessitating
removal of data points which reduced sample size and greatly increased
variance.
Bit terbrush seed lings were different (P=0.05) in size before the
trial.

Seedlings in patures grazed in spring of 1984 were smaller

(13.1 t 5.0 om) than in the control pastures (49.5 t 5.0 em).
size difference remained at the end of the 1985 season.
seedlings were larger than untrampled seedlings.

This

Trampled

Browsing reduced the

percent of plants growing, and growth rates in control pastures were
higher in late summer, indicating that differences in standing crop
were due to both original size differences and the effects of current
season's grazing.

Differences due to trampling might also be an

artifact of the previous years growth differences, since trampling did
not increase number ot plants growing or growth rates.
Survival
Survival ot Hobble Creek sagebrush was high throughout summer and
was independent ot grazing treatment.

Forty-two percent or sagebrush

tublings were trampled during the grazing trial, and survival of
trampled shrubs was statistically less than untrampled shrubs (Table
9).

The reduction of survival from 99 percent to 95. percent, however,

may not be important biologically.

Survival or fourwing saltbush was

independent ot fertilization or trampling, but grazing increased
survival (P= 0.020;Table 10).

Trampling reduced survival or

bitterbrush tublings {P:0.005), while browsing increased survival
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Table 7.

Effects of grazing, trampling, and browsing on
growth of Purshia tridentata seedlings.

TREATMENT

PERCENT OF
PLANTS GROWING

Grazed Pastures
Control Pa8tures

58a
65a

Trampled seedlings
Untrampled seedlings

75a
6oa

Browsed seedlings
Onbrowsed seedlings

48a
79b

a,b Means in pairs with a different letter
are significantly different (LSD 0.10).

Table 8.

Effects of grazing, trampling, and browsing on end-ofseason 8tanding crop of Pursbia tridentata seedlings.

TREATMENT

STANDING CROP
CM/PLANT

Grazed Paature8
Control Pastures
Trampled seedlings
Ontrampled seedlings

102.6a
69.0b

Browsed seedlings
Onbrowsed seedlings

56.5a
88.1a

a,b Means in pairs with a different letter are
significantly different (LSD 0.10)
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Growth rates of Purshia tridentata seedlings in grazed
and contro l pasture s . Different letters indicate
significantly different means (LSD 0.10).
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(P=0.01 0 and P=0.050, respect! vely).

Grazing increased survival of

bitterbrush tublings (P=0.050;Table 11).

Survival or seeded

bitterbrush was independent or grazing, trampling, or browsing (Table
12), and was significantly higher than for bitterbrush tublings (81
percent vs. 47 percent).
Soil Moisture
Soil moisture contents measured at 22, 38, and, 68 em decreased
over
0.300).

time (P= 0.025), but did not change as a result or grazing {P>
Although differences due to grazing were not significant,

similar trends occured at all three depths;

water content was

consistently higher in grazed pastures {Figure 9).
and large variance among samples,

Small sample size

along with heavy grasshopper

herbivory in control and grazed pastures, may have obscured changes due
to grazing.

In addition, placement of tubes in different soil types

may have increased variance.

Differences in soil texture and water

holding capacities may have obscured water content differences across
treatments.

Water contents in the upper soil levels fluctuated in

response to thundershowers during mid-July, but water contents at lower
depths declined steadily over the 6 week period.

Means tor water

content and analysis or variance tables are presented in Appendix

I

c.
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Table 9.

Effects of grazing, trampling, and fertilization
on survival of Arteroesia triden ta ta ssp. vaseyana .

TREATMENT

PERCENT SURVIVAL

Grazed Pastures
Control Pastures
Trampled tublings
Un trampled tublings
Fertilized tublings
Unfertilized tublings

a,b

Means in Pairs with a different letter
are significantly different (LSD 0.10)

Table 10.

I

Effects of grazing, trampling, and fertUiza tion on
survival of Atriplex canescens.

TREATMENT

PERCENT SURVIVAL

Grazed Pastures
Control Pastures
Tra11pled tublings
Untra11pled tublings
Fertilized tublings
Unfertilized tublings

a,b

Means in pairs with a different letter
are significantly different (LSD 0.10)
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Table 11.

Effects of grazing, trampling, browsing, and
fertilization on survival of Purshia tridentata
tublings.

TREATMENT

PERCENT SURVIVAL

Grazed Pastures
Control Pastures
Trampled tublings
Un trampled tublings
Browsed tublings
Unbrowsed tublings
Fertilized tublings
Unfertilized tublings

a,b

Table 12.

Means within row followed by a different letter
are significantly different (LSD 0.10)

Effects of grazing, trampling, and browsing on survival
of Purshia triden ta ta seedlings.

TREATMENT
Grazed Pastures
Control Pastures

a,b

PERCENT SURVIVAL
79a
868

Trampled seedlings
Untrampled seedlings

1008
81a

Browsed seedlings
Unbrowsed seedlings

asa

79a

Means in pairs with a different letter are
significantly different (LSD 0.10)
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DISCUSSION
Diet Selection
One of the main objectives of this study was to determine whether
cattle would browse shrub seedlings during spring.

No browsing

occurred on sagebrush, despite the fact that it started growth early

I

and had a relatively large quantity of leaf.

The Bobble Creek

accession of sagebrush is reportly quite palatable to sheep ( B.L.
Welch, USDA-FS Shrub Lab, Provo, UT, personal communication) and to
deer (Welch et al. 1981) but no palatability studies have been done
with cattle. Sagebrush in general is not readily accepted by cattle
(Cook and Harris 1968, Frischnecht and Barris 1973) and this accession
might be unpalatable to cattle.
No browsing occurred on fourwing saltbush. Mature plants in a
neighboring field bad begun growth by mid-Hay, but fourwing tublings
remained dormant. Much of the green leaf material had dropped from the
tublings during transplanting, and until initiation of new growth
in June these plants consisted of dried stems with little leaf. It is
not surprising that little browsing occurred.
Utilization of bitterbrush tublings was moderate, similar to
levels reported by Smith and Doell (1968).
bitterbrush, however, was much higher.

Utilization of seeded

Differences in utilization

between seedlings and tublings could be due to several factors.
Palatabili ties differ among accessions of sagebrush, and this might
also be true tor

bitterbrus~

Seed for bitterbrush came from Fountain

Green, Utah, while tublings were produced from seed harvested at Carbon

I
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Creek, Wyoming.

However, this would not explain differential browsing

of tublings by size.
differences

It is more likely that cattle were selecting for

in leaf aaass.

Although quantitative

data

were

not

collected, smaller plants had higher leaf to stem ratios than larger
plants,

and seedlings had higher ratios than tublings.

Greater

relative leaf mass may have made these smaller plants more palatable to
cattle.

I

Another objective of my study was to determine whether shrub
utilization increased as -grass utilization increased.

Despite stocking

at rates designed to achieve heavy grass utilization, only moderate
u till z a t 1 on ( 5 2 p e r c en t) occurred •

T hi s s u g g e s t s t ha t g r a s s

availability might not have decreased enough to examine my second
obj ec t1ve.

Utilization mea sure men ts based on volume,

misleading.

though, may be

Ninety-eight percent of the crested whea tgrass plants

surveyed were grazed, a uniformity

normally seen only under heavy

grazing (Vallentine 1980, Allison 1985).

In addition, daily

utilization of grasses decreased over the three day period, indicating
grass availability may have been limiting.
Browsing,
availability.

however,

did not increase with decreasing grass

Utilization of bi tterbrush tublings remained constant

over all three days.

Utilization of seedlings remained constant until

the third day, when 1 t dropped suddenly. Availability of bi tterbrush
forage may have been too low by the third day to show any strong
response to decreasing grass availability (Senft 1984).

Decreasing

grass availability did not cause cattle to browse sagebrush or fourwing
saltbush. These results indicate that shrub availability,

I

seasonality
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of grazing, and shrub palability had more of an effect on shrub
utilization than did grass availability.
In designing this study I speculated that fertilization would
increase shrub growth and change palatability, resulting in increased
shrub utilization by cattle.

Instead, fertilization had no measurable

effect on shrub utilization.

Plants were fertilized while they were

still dormau t.

Sagebrush was

the only species

to begin growth

immediately after being transplanted; bitterbrush and fourwing saltbush
began growth during or after the grazing trial. Sagebrush tubliugs were
the only ones that had sufficient time to take up nitrogen, but this
was not reflected by increased browsing.

This could have been due to

insufficient time for nitrogen to affect palatability, rejection of
sagebrush during spring grazing despite increases in palatability,

or

no change in palatability despite au increase in growth rates. Although
other studies show fertilization increases sagebrush palatability for
deer, my results indicate that cattle do not consume sagebrush in

I

spring.
Tublings that had been rejected as food items were more likely to
be trampled.

This may have been a result of animal avoidance or it may

..

have been due to difficulties in detecting tramplina .damage on browsed
plants.

No detailed observations were made on animal selection during

the grazing trial so no conclusions can be drawn on whether or not
cattle avoided stepping on plants they considered potential food items.
Scalped rows affected cattle distribution and grazing patterns.
During the first day, utilization of grasses along rows was double
average grass utilization.

I

The concentration of cattle in a small
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portion of the pasture undoubtedly increased trampling on shrub
seedlings.

Trampling may damage 20 percent of seedlings under moderate

and heavy grazing (Eissenatat et al. 1982, McClean and Clark 1980), but
trampling in my study was twice the expected level. Sixty percent of
that damage occurred during the first day, a time when grass utilization
along the rows was greatest.
High levels or bitterbrush utilization might be explained if
cattle prefer a diversified diet. Given the limited ohoice of food
items available (crested wheatgrass, bitterbrush, sagebrush, and wild
lettuce), high utilization of created wheatgrass and bitterbrush would
be expected.
I

This helps explain differences between low utilization of

I

bitterbrush during spring as reported by Smith and Doell (1968), and
higher utilization levels during spring as reported by Holmgren (in
Monsen and Shaw 1983).

Smith and Doell measured utilization on native

ranges where bitterbruah was only one ot many palatable roods
available.

Holmgren measured utilization on bitterbrush seeded with a

grass-forb mix where bitterbruah was one or only a few potential food
items present.
My results suggest differences in the resource base (i.e. species
present and their relative availability) is as important in diet

I

selection as timing or grazing, and can confound attempts to utilize
spring grazing as an interseeding tool.

It grass monooultures are

seeded with palatable shrub species, browsing during spring may occur
at higher than normal rates.

If less palatable species are seeded,

browsing will probably be minimal or nonexiatant.
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Plant Response
The fourth objective of my study was to determine whether or not
fertilization would increase growth or survival of seedlings.
Fertilization increased growth in sagebrush, but only temporarily.
Sagebrush started growth in April and May when soil moisture was high.
Water availability would not have been a constraint to growth, so
sagebrush was able to utilize extra nutrients tor growth.

As moisture

levels declined, the growth rate of fertilized sagebrush dropped to
equal that of unfertilized plants.

Fertilization had no effect on

bit terbrush or tourwing saltbush. Studies by Smith ( 1981), and C1 ary
and Tiedemann ( 1983) show fourwing saltbush
I

)

fertilization, even with competition removed.

responds poorly to

Bayoumi and Smith (1976)

reported fertilization increased twig length in bitterbrush, but other
studies indicate response varies by soil type and age of stand.
Nutrient requirements of bitterbrush are low, and fertilization has no
effect where soil nitrogen levels are adequate (Wagle and Vlamis 1961,
Tiedemann 1983). Bitterbrush and fourwing saltbush tublings did not
begin growth until late May or early June, one to two months after
sagebrush.

During this time, nitrogen uptake may have been constrained

by decreasing soil water availability.
availability may have been the

deter~nate

For these plants, water
factor in growth and growth

rates.
The final object! ve of my study was to determine whether spring
grazing enhanced growth and survival of shrub seedlings.

I

Response

varied by shrub species, and is summarized in Tables 13 and 14.
Although no browsing occurred on sagebrush, loss ot material through
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Table 13. Summary of shrub growth as influenced by spring
grazing, fertilization, trampling, or browsing.
SHRUB TYPE /1

INFLUENCING
FACTOR
ARTRV

ATCA

Spring Grazing

+

+

+

-/2

Fertilization

+

0

0

na

0

+

0

na

+

Trampling
Browsing

na

PUTR;T

PUTR; S

I 1 ARTRV • Atremes ia triden ta ta ssp. vaseyana
ATCA • Atriplex canescens
PUTR;T • Transplanted Purshia tridentata
PUTR; S • Seeded Purshia triden ta ta
/2

+ • Increased growth (LSD • 0.10)
- • Reduced growth
0 • No change in growth
na • Not applicable

Table 14.

Summary of survival as influenced by spring
grazing, fertilization, trampling, or browsing.

INFLUENCING
FACTOR

ARTRV

SHRUB TYPE / 1
ATCA
PUTR;T

PUTR; S

Spring Grazing

0

+

+

o/2

Fertilization

0

0

0

na

Trampling
Browsing

0

na

na

0

+

/1

For shrub abbreviations see preceeding table.

/2

+ • Increased survival
- • Reduced survival
0 • No change in survival
na • Not applicable

0
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trampling adversely affected growth and survival.

Fewer trampled

plants grew during tbe season. Growth rates of trampled and untrampled
shrubs were the same, and no growth was initiated to replace material
lost through trampling.

Spring grazing increased growth but bad no

effect on survival.
Trampling bad no effect on growth of fourwing saltbush since
plants were dormant during grazing.

I

Loss of dead or dormant plant

material does not impose the stress that does a loss of growing tissue
(Crawley 1983).

Sprin~

grazing did increase growth in fourwing

saltbush, although it did not increase end of season standing crop.
Spring grazing increased survival of fourwing saltbush, while trampling
and browsing bad no impact on survival. Of the four shrubs studied,
fourwing saltbush was tbe only one that was which benefited and not
harmed in any way by spring grazing.
Bitterbrush tublings responded differently from sagebrush or
fourwing saltbush. Both trampling and browsing stimulated growth.
Pruning and heavy browsing of mature bitterbrush stimulates vigorous
spring growth (Fergusen and Basile 1966, Urness and Jensen 1983), and
apparently bas the same effect on seedlings.

Spring grazing increased

the percent of tublings growing, but did not increase growth rates or
end-of-season standing crop.
SUrvival of bitterbrush tublings was the lowest of tbe four shrub

I

populations.

It is interesting that although trampling increased

growth, it reduoed survival. Browsing increased survival. Unlike
browsing, trampling damages plant material without always removing it.
This type of damage might not remove apical dominance,

and while it
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stimulated growth it may have been less effective than browsing in
activating adventitious buds (Archer and Tieszen 1980) or restorin g
pre-damage root: shoot ratios.
Seedlings responded differently from tublings in that browsing and
trampling decreased the number of shrubs growing and did not stimulate
growth rates.

These results may have been a result of the previous

years' grazing trial.

No data are available on which seedlings were

trampled or browsed the previous year, but the smaller plants may have
been damaged previously.

Garrison ( 1953) and Nord ( 1965) found that

successive years of heavy browsing and clipping could reduce growth,
increase dead crown material,

and reduce foliar cover of mature

bitterbrush located on drier sites. Two years of damage from browsing
and trampling could reduce stress tolerance and impair growth of young
seedlings.

Despite the adverse effects on growth,

survival of

bitterbrush seedlings was not affected by trampling, browsing, or
grazing.

It is possible that after one years growth, seedling root

systems were able to compete effectively with invading lettuce and
crested wheatgrass,
disadvantage.

while newly planted

tublings were at a

If this is true, spring grazing may be most effec t1 ve

during the first year of establishment.
Sagebrush is well adapted to dry environments, able to tolerate
water stress, and maintain growth at low water potentials (Caldwell
1979) .

Sagebrush may be less tolerant of herbivory.

As Grime ( 1977)

noted,

the best adaptation for plants in low resource environments is

in~eren tly slow growth ra tea or low resource turnover.

(1985)

Coley et al.

suggest that slow growth rates favor investments in anti-
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herbivory defences, since the relative impact of herbivory increases as
growth declines.

Sagebrush prevents herbivory by investing

in

unpalatable compounds, but that does not prevent damage to smaller
seedlings from trampling. Trampling reduced growth and survival,
indicating a nontolerant response to defoliation (Levitt 1975).
In contrast, bi tterbrush growth was stimulated by herbivory.

As

a palatable browse species, it is advantageous for bitterbrush to
respond to defoliation in a manner similar to other grazing tolerant
species,

I

by rapidly replacing lost pho tosyn the tic material and

restoring original root to shoot ratios ( Archer and Tieszen 1980,
Caldwell et al. 1981).

Even though sagebrush and bitterbrush are

adapted to the same environment, they appear to have two completely
different strategies for coping with the stresses of plant competition,
limited resources, and disturbances such as herbivory.
Fourwing saltbush apparently escaped herbivory through dormancy.
Whether this is a normal strategy for seedlings, or whether it was an
a typical occurance due to transplanting shock is unclear.
Schultz e tal. ( 1955) linked positive responses in shrub growth
and survival under grazing to higher water potentials in the first 30
em of soil.

It is difficult to say if this was the main mechanism

behind the positive growth responses. Lack of significant soil water
differences between grazed and control pastures prevents any definative
conclusion from being made, but the consistently higher levels of soil
moisture on grazed pastures stongly suggests spring grazing reduces
soil water depletion by crested whea tgra ss.
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SUHHARY

The specific objectives of my study were to determine utilization
of shrubs during spring grazing by cattle, how grass availability and
shrub palatability affected browse utilization, and the effects of
spring grazing by cattle on subsequent growth and survival of shrub
seedlings.

The results of this study suggest the following:

In addressing the first objective I found that spring grazing did

not guarantee low shrub utilization.

Plant species availability,

location of shrubs, and palatability of shrubs confound seasonality of
grazing,

making predictions of diet selection difficult.

Bitterbrush

utilization was higher than expected, while sagebrush and fourwing
saltbush were not browsed.

It is likely that palatable shrubs planted

in grass monocul tures will suffer heavier utilization than normally
predicted.

Less palatable, or dormant shrubs, will not be utilized.

For the second objective, I found that bitterbrush utilization did
not change under moderate and heavy stacking rates, while u tUiza tion
of sagebrush and fourwing saltbush did not occur even under heavy
stocking.

It appears that shrub utilization is not affected by

decreasing grass availability during spring.

Utilization of palatable

shrubs did not change over time, while utilization of unpalatable
shrubs did not occur.
For the third objective,
applied in this experiment,

I found nitrogen fertilization, as
had no effect on shrub utilization.

Factors such as slow spring growth by bitterbush and fourwing, or low
nutrient requirements, or time of fertilizer application, may have
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prevented changes from occurring.

In examining the fourth objective, I found fertilization increased
growth in sagebrush but not in fourwing saltbush or bitterbrush.

The

ability to begin growth early in the season may have allowed sagebrush
to utilize available nitrogen before water became limiting.
Fertilization had no affect on survival.
Spring grazing did not impair establishment of shrub tublings, and
did provide benefits to some shrubs.

For sagebrush, an increase in

growth or survival due to spring grazing was negated by trampling.
Early spring growth in sagebrush may minimize competition with crested
whea tgrass since growth occurs while soil moisture levels are
relatively high.

Advantages of reduced competition through spring

grazing might not be as great.
Increases in growth of fourwing saltbush and bitterbrush tublings
due to spring grazing were not negated by trampling or browsing.

For

both shrubs, growth rates were greatest in mid- summer, when soil
moisture is normally limiting.

An earlier reduction in crested

whea tgrass growth by grazing may have resulted in less depletion of
soU water contents, similar to that seen by Schultz et al. (1955).
Dormancy in fourwing saltbush, and rapid regrowth in bitterbrush,
minimized adverse effects of trampling or browsing on growth.

Growth

and survival increased under grazing for fourwing saltbush and
bitterbrush tublings. Two consecutive years of spring grazing may have
caused reduced growth in bi tterbrush seedlings, but had no immediate
impact on survival.
Spring grazing did not have a statistically significant impact on
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soil water contents.

This was due, no doubt, to large sampling error

and the confounding effects of different soil types and grasshopper
herbivory.

Trends in the data do suggest spring grazing increased soil

water contents through mid-summer.
Use of spring grazing to enhance shrub establishment appears to be
feasible.

Use of livestock to reduce grass competition results in a

trade-off.

Shrubs may be stressed through trampling and browsing, but

effects or grazing on crested wheatgrass may compensate for these
stresses, resulting in either a zero or a postive gain for shrubs.
More research or a long term nature should be conducted

on shrub

reponses to herbivory while growing in oompetition with crested
wheatgrass.
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RECOMMENDATIONS
Based on my results, I recommend the following

for interseeding

and further research:
Interseedin,g
1.

Although scalping is an efficient way to eliminate plant

competition, scalping rows for interseeding changes animal grazing
patterns and increases browsing and trampling.

Only shrub species that

are tolerant or trampling and browsing should be planted in scalped
rows, and scalping should be used only when competition from existing
species will be severe.
2.

I

Pastures should be heavily stocked for a short duration to

achieve high, uniform utilization or grasses and to enhance shrub
establishent.

Lower stocking rates will not necessarily prevent damage

to shrubs, while heavy stocking assures grass competition will be
reduced.

3.

When palatable shrubs are interseeded in grass monocultures,

utilization during spring may be high.

Therefore, shrub species that

are less palatable in the spring (e.g. sagebrush) or are grazing
tolerant (e.g. bitterbrush) should be used.
Research
1.

Little work has been done on shrub utilization by cattle

during spring, due to the assumption that browse is a relatively
unimportant component or cattle diets at that time.

Yet cattle grazing

can have a major impact on plant community dynamics.

Studies need to
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be designed in a way that will allow us to develop models which predict
diet selection by cattle on ranges composed of a mixture of plant
species.

Studies similar to this one, but focusing on the mechanisms

behind diet selection, would provide this kind of information.
2.

Detailed study is needed of the response of shrub and grass

root growth to herbivory,

and of soil moisture changes with grazing.

My results suggest that in arid regions, below ground interactions may
be as critical as shoot growth in examining plant response and
herbivory tolerance. Soil moisture levels may be the overwhelming
factor in determining plant response and seedling establishment, and
changes in soil moisture levels due to grazing should be examined in
more detail.
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Appendix

A

Table 15.

Source

Analysis of growth rates for Artemisia tridentata ssp.
vaseyana tub 1 ings.
Degrees of
Freedom

Trampling
1
Grazing
1
Fertilization
1
Grazing x Fertilization 1
Error A
12
Time
Grazing x Time
Fertilization x Time
GX F x T
Error B

•

3
3
3
31
34

Mean Square

F

Probabili ty>F

0.835
1.737
0.054
0.143
0.416

2.01
4.17
1. 72
0.34

NS
0.07
NS
NS

2'7.200
2.848
0.721
0.099
0.238

114 . 28
11.97
3.03
0.41

0.000
0.001
0.05
NS

2 degrees of freedom lost from Error B, confounding terms.

Table 16. Analysis of growth rates for Atriplex canescens tublings.

Source

Degrees of
Freedom

Trampling
Grazing
Fertilization
Grazing x Fertilization
Error A
Time
Grazing x Time
Fertilization x Time
GX F X T
Error B

•

1

Mean Squares

F

Probability>F

1.19
2.09
0.21
0.06

NS
NS
NS
NS

12

2.448
4.313
0.425
0.127
2.064

3
3
3
31
19

1.338
1.448
0.377
0.336
0.947

1.41
1.53
0.39
0.35

NS
NS
NS
NS

1

1
1

17 degrees of freedom lost from Error B, confounding terms.
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Table 17. Analysis of growth rates for Purshia tridentata tublings.
Degrees of
Freedom

Mean Squares

F

Trampling
1
Browsing
1
1
Grazing
Fertilization
1
Grazing x Fer til iza tion 1
Error A
12

8.80
2.41
0.03
4.00
0.34
2.76

3.6
1.0
0.01
1. 68

Time
Grazing x Time
Fertilization x Time
Gx F X T
Error B

5.74
0.75
1.17
0.03
0.67

8.99

Source

*

3
3
3
3
24*

0.09
NS
NS
NS
NS
0.001
NS
NS
NS

1.11
1. 75

o.oo

12 degrees of freedom lost from Error B, confounding terms.

Table 18.

Analysis of growth rates for Purshia tr ide n ta ta seed 1 in g s.

Source

Degrees of
Freedom

Heans Squares

Trampling
Browsing
Grazing
Replication
Error A

1
1
3
2

863.8
90.3
4934.5
1272.2
802.8

Time
Grazing x Time
Error B

3
2
3*

15371.2
581.7
600.6

*

o.oo

Probabili ty>F

1

F

Probabili ty>F

1.08
0.11
6.15
1. 58

NS
NS
0.10
NS

25.59
0.97

0.025
NS

9 degrees of freedom lost from Error B, confounding terms.
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Table 19.

Source

Analysis of end-of-season standing crop for Artemisia
tridentata ssp. vaseyana

Degrees of
Freedom

Trampling
Replication
Grazing
Fertilization
Rep. x Grazing
Rep. x Fertilization
Grazing x Fertilization
Error

Table 20.

Source

1
3
1
1
3
3
1
3

Mean Squares

F

Probabili ty>F

126.48
25.56
0.16
1.66
28.88
3.22
1.22
11.38

11 • 11
2.25

0.05
NS
NS
NS
NS
NS
NS

o.oo

0.14
2.54
0.28
0.11

Analysis of end-of-season standing crop for Atriplex
canescens

Degrees of
Freedom

Trampling
Replication
Grazing
Fertilization
Rep. x Grazing
Rep. x Fertilization
Grazing x Fertilization
Error

1
3
1
1
3
3
1
3

Mean Square

F

Probability>F

2343.6
287.7
1218.3
915.1
924.5
6.8
19.3
444.9

5.27
0.65
2.74
2.06
2.08
0.02
0.04

NS
NS
NS
NS
NS
NS
NS
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Table 21.

Analysis of end-of-season standing crop for Purshia
tridentata tublings.

Degrees of
Freedom

Source

,1
3
,1

Trampling
Browsing
Replication
Grazing
Fertilization
Rep. J: Grazing
Rep. J: Fertilization
Grazing x Fertilization
Error

3
3
1,
2

Mean Squares

F

Probability>F

1054 . 5
849.9
1352.7
0.3
968 . 7
353.9
482.2
66.5
361.53

2. 9
2.4
3.7
0.0
2.7
1.0
1.3
0.2

NS
NS
NS
NS
NS
NS
NS
NS

------------------------------I

One degree of freedom was lost from Error term, confounding terms.

Table 22.

Analysis of end-of-seasonstanding crop for Purshia
tridentata seedlings

Source
Trampling
Browsing
Replication
Grazing
Error

•

Degrees of
Freedom

1
1
3
1,
2

Mean Squares

902.3
2797.5
4981.6
20030.9
1045.4

F

Probability>F

0.86
2.68
4.76
19.16

NS
NS
NS
0.05

One degree of freedom was lost from Error term, confounding terms.
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Appendix ]!
In the conversion

or

utilization by volume to utilization by

weight, volume was assumed to be a circular cylinder.

Use of other

volumes, such as an elliptical cylinder or rectagular cube,
in similar or lower correlations.

resulted

The calculated regression equation

was:

Natural log weight= -2.19

+

(0.619 • natural log volume)

r 2 = 81.7

4.00+

Loge
Weight

2.00+

-2.00+

+---------+---------·---------+---------·---------+
5.00
6.50
8.00
3.50
9.50

2.00

Loge Height
Figure 10.

Regression of volume t~ weight for crested wheatgrass;
assuming volume = Pi•r •height
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Biomass consumed can be calculated from volume of material removed
daily.
Table 23.

Pasture

Consumption of grass by heifers during the grazing trial.

Biomass
Originally Present
kg'0.6 ha- 1

Biomass Consumed ( kg'5.4 Au-1)
Day 1
Day 2
Day 3

1CR

254.4

144.9

38.8

2CR

1,122. 8

230.2

132.5

99.9

3CR

1,004.3

175.2

140.3

66.2

4CR

774.4

177.4

103.8

46.5

Normal stocking rate for Tintic reseeded pastures has been 5.6
ha'AUM-1 or 0.18 AUM*ha-1.

The study pastures were stocked with 8

year ling heifers (5.4 AU's) per 0.6 hectare for three days.
rates were:
Normal

= 0.18

AUM1 ha- 1

Day 1

= 0.30

AUM'ha- 1

Day 2

= 0.60
= 0.90

AUM*ha- 1

Day 3

AUM1 ha- 1

Stocking
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Table 24.

Source
Replication
Grazing
Error A
Time
Grazing x Time
Error B

Table 25.

Source
Replication
Grazing
Error A
Time
Grazing x Time
Error B

Analysis of soil water content at 23 em depth.
Degrees of
Freedom

Mean Square

F

Probability>F

1
2

0.603
3.053
0.860

0.701
3.550

NS
NS

3
3
12

2.026
0.057
0.187

10.840
6.308

0.001
NS

2

Analysis of soil water content at 38 em depth.
Degrees of
Freedom

Mean Square

F

Probability>F

2
1
2

3.533
5.366
1.605

2.20
3.34

NS
NS

3
3
12

4.218
0.184
0.645

6.54
0.280

0.025
NS
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Table 26.

Analysis of soil water content at 68 em depth.

Degrees of
Freedom

Source
Replication
Grazing
Error A

2
1

2

Time
Grazing x Time
Error B

3
3
12

Mean Squares

F

Probabili ty>F

14.48
9.10
5. 1

2.8
1.8

NS
NS

22.26
0.43

l0.9
0.2

0.001
NS

10
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Figure 11.

Monthly precipitation from September 1984 to
August 1985.
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Table 27. Means of soil water content and weekly precipitation
July 1 through August 14, 1985.
Time

Precipitation
mm/week

Depth
38 em

22 em

68 em

Soil Water Contents (cc/m)

grazed control
712
7111
7/18
7125
7/31
817
8/14

0.0
16.0
13.0
34.0
6.0
0.2
0.0

4.0
4.1
4.2
3.3

3.6
3.7
3.6
2.7

grazed control
7.2
6.6
7.0
5.9

6.5
6.2

6.,
5.1

grazed control
14.7

13.6

, 2.3

11.9

12.8 ·

11.5

11.3

10.5

